ABSTRACT
INTRODUCTION
Genome browsers are critical bioinformatics tools for biologists to visualize genomic annotation and other sequence features in the context of a genome. The Generic Genome Browser (GBrowse) (Stein et al., 2002 ) is a popular web-based visualization system. Other similar systems include the Ensembl genome browser (Stalker et al., 2004) , the UCSC genome browser (Karolchik et al., 2003) and xGDB (Schlueter et al., 2006) , among others. Many model organism databases have set up GBrowse to display the genomes of interest for their research community. Increasingly, however, such a centralized display strategy is not sufficient to satisfy the diverse needs of researchers. For example, with the rapid advent of sequencing technology, more and more individual biology laboratories are engaged in genome sequencing. The sequencing targets can be a particular species, strain or specific regions of some individual in a population. But centralized community databases are not always flexible enough to accommodate the visualization needs of such diverse genomic data. For example, although GBrowse and UCSC genome browsers allow users to add their own tracks, such custom tracks can only be displayed along the reference genomes provided by the databases. In other words, users still cannot display their own genomes of interest. In order to display individual researchers' own genomic data, biologists have the option to use standalone genome browser systems (e.g. GenoViz, http://genoviz.sourceforge.net/ and IGV, http://www.broad.mit.edu/igv). However, besides having to install and maintain the software on the user's local computers, the biggest limitation of the standalone genome browsers is their weakness in data sharing. That is, the visualization through the standalone genome browsers is restricted to local users sitting in * To whom correspondence should be addressed. front of their computers where the software is installed. In contrast, a web-based genome browser easily allows distributed usages for analyzing the same data. In principle, most web-based genome browsers can also be installed on the user's local computer. If properly configured, biologists can use such locally installed genome browsers as a web server for data sharing. However, these webbased genome browsers are sophisticated software packages whose installation and configuration instructions are usually intended for professional bioinformaticians. A typical biologist would find it overwhelming to install, configure and maintain the software. For example, a GBrowse installation has to be preceded by a proper set up of Perl, GD, Bioperl and other dependencies-a nontrivial challenge for biologists who are not computer savvy. In addition, biologists are not always equipped with the adequate computer resources (e.g. the required Unix-based operating system). Therefore, in order to allow users to enjoy the functionalities of web-based genome browsers while avoiding the installation hassle, we have developed a web server, WebGBrowse, which allows biologists to upload their own genomic data for display. Users can configure the display of each genomic feature, and accordingly their data are visualized with GBrowse that has been pre-installed on our server. We have chosen the GBrowse system as the backend workhorse because GBrowse has a large user base, i.e. existing GBrowse users will find the same navigation and display style of GBrowse in the WebGBrowse server. Users do not need to install any software on their computer to use WebGBrowse.
IMPLEMENTATION
WebGBrowse takes GFF3 format annotation files as input (Fig. 1A) . GFF3 is a standard format for representing genomic features (e.g. exon-intron positions). Users can also include sequence in FASTA format in GFF3 files (http://gmod.org/wiki/GFF3#GFF3). Once the GFF3 data file is uploaded, WebGBrowse validates the data file and stores it as a file-based database for the preinstalled GBrowse system. WebGBrowse also identifies a list of genomic features that can be displayed as tracks in GBrowse. Specifically, the feature list is derived based on the values from the feature type column (i.e. the third column) and the feature source column (i.e. the second column) of the GFF3 data file. Each feature (e.g. gene or quantitative data such as tiling array hybridization intensity values) will be displayed as a different track in GBrowse. In order to properly display each feature, the GBrowse system requires a configuration file that defines the appearance of each feature (e.g. color, height, shape, etc.). For an inexperienced user, it can be a tedious and error-prone process to an embedded configuration panel to allow users to choose from more than 40 different glyph styles (e.g. line, box, arrow, etc.) to properly display the features of interest (Fig. 1B) . Users can also specify the color, font, label and many other characteristics specific to the glyph for the selected genomic feature (Fig. 1C) . Each selected feature can be reviewed for further editing (Fig. 1D) . The above configuration panel is driven by a glyph library that stores various configurable parameters specific to each of the Bio::Graphics::Glyph types in a YAML format file (http://www.yaml.org/), which is by the HTML::FormEngine Perl library to generate the web forms users interact with. Finally, all the selected genomic features are submitted to the integrated GBrowse software for visualization (Fig. 1E) . A WebGBrowse control panel is made available in the GBrowse display allowing users to return to the track configuration panel if additional editing is desired. It also allows users to download the generated GBrowse configuration file. The obtained configuration file can be re-used for other similar GFF3 data files so that users do not have to reconfigure each glyph from scratch. At our project web site, a tutorial is provided for detailed step-by-step instructions on the usage of WebGBrowse. When users submit their GFF3 data files, they also have the option of providing their email addresses. If provided, a URL link to a results page will be emailed to the user. The email also contains a link to access all the previously submitted datasets from the same user. Users may also download the WebGBrowse source code and install the entire system for their own local usage.
